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ferncl ta tile eol1Uf.oo. lf $ btwlf.111 ftU'IJ of t .. •thllltk •1eotna u 
•f.plftcac n1atift to tlle -•IJ taeiq •-f•rncl clulaa tliMa colltetAa. 
,..._ ea.a t•tw•tt.oa l• ~ a aft co.1u .. t.oa. lf tM ..... ., tr ..... 
l....S ta tlle coUUlM ia l•• ........ so tbac the ainell elAct:roa Ma 
be ... ......., • liret.q tal.Ual11 la • fn. atace, tlaea tM iatu•tloa ta 
cnwct a laa'l'd oollialoa. tf Q t• the ••ro •t'-fft\"e4 la • eollUtoa., 
tile Hatt• for •ft oolU.aU. we ct.a.a S Q s •• _. tbe llatt• fOl' .._. 
aolU.•S.O. •• a s Q ~ Q_... ft• n•tl'l.otloa •* .. °" a te cue it • 
tarp ........ wLtb tlMI t.tMt .. •DIU't1 of tbe •tn.c' •l•tl'Oll. ~ la 
of UN ...... of aa ucttaitoa ... ., of eM atom.c •leotron, _. Q_. l• 
ta. ........ ••r• tuc ua t. ,,._.fened nrlna •7 coUt•l•-. 1 •••• • 
Mad-• coUtalon. 
ror • hta ,_tkl• Vf.tll kl.••t• ... ru t 1-olwd la • .. ., coUt-
•l• vldl M at..U •l•tTOD• dMt _.r., of eta. •tn.ek •1 .. ,"'11 after tlMI 
colllllf.ow wUl k Q.., tM ... r., of da4t eolU.dJ.aa •l•tl'OD will be 
'l' • Q. Alt• ... oo1U.atoa it u ilrpoHt~i.. to d•tftld.M aloll .. ·-
.. l•td•at •1Mtl"Oll • ._. (S) c•hoat• cllate •t.toatloa •1 propoalq 
tut dae fut•• •l•croa atca.- ca. colU•l• .... u k deft_, u tlMt 
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•f fect U.,OM• ti.. reatrletlo.a tbat tbe MJt:l-. ••ro tlaat cu M trw· 
f•rretl dud.a& u electr -eleotr c lllaloa l• t/2. t' ref re. a 
t eftattio of .a • 
• T/2 (3) 
n.a kinetic • r11 loat p I' it pa le tb ue to lcmuia• 
oolU.ato • (dT/da)1 ta •Cl 1 to t • n. f tile eaerat•• loet ,.r u t 
ar4 coUtal • 
f r the ••ra loet i aoft coUt• later t• 
(4) 
11 loet 
eftloped a theorJ 
it to tb.e ... 
•f particlH laaYb.g re1at1.Uttc wl tU.••· a. '• t r, 
t..-.. f electroa•electl'O colli•l l• 
1• 
,,, .. 
(4T/de) .. t~ • :-:I 
•• 
where J rep~•M t9 • a-a-aerie ...a of all f 
laept for ••tr•• relatlvte lo ••rata, a 
t totel •DH11 loat lo loat.alaa coUt..l ... btal 
(S) 
• l ... 
appl'O•illltloa for 
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Tberefo •• f • at 
ta.oid t elHtrcma .. ry almoet inct1J wttt. ft. t.M •l•troa 4• lt1 f 
"°""". l'or 1 nuina eMl'&l••. tlae t l&atloa toe... per lt 
patll 1... wtU de ...... •••t at ftl7 nlacl•l•Ue ... rate• -. ... tbe 
lopl'itbidc tera doalut • till• M.p. .... ., ...,lactoa 1• • bJeet t• 
• I.a tb• .... ...,. 1• of IMlt••ealtll a 
lid•, die 1ar ... t 
4lU&tloa 6 
(ft/••>, (7) 
~tloa 6 ~·• • t1aa eaeray loet 1'1 the 1acUat parttcl••· uot 
t .. elaaracterl•tl• .... tat rocl ed •1 thatr t ter.c toaa witla t. 
oniq Mdiull. t of dae elU•toae •fa 1 lcleac toalalaa parctcle 
N colltetou an 
laf r-a • t y t f r p to OM•Ulf of the -1'11 et tlua 
l U..c eleet au• bJ let t1 3. 
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WlMtn aa at•le •lHll'08 laM ken Y......S baa it8 e1 .. t.,.. lllaeU, 
a wter el•ctroa ftll• tlae .uue1 _. nt..,.. ta.. esdted ate. t• tu 
sround atata. ft4t eteotroe fUUaa the v..._7 la "'*'-twre4 co • _,. • 
.... tlw ....,., •tate, _. tilt• .-........ ., u 41Htpa"4 •lt.Mr by 
-'••lon of • ,._ .. or t.1 tl' .. fartaa t:M ••ro •tnotl7 to • out•I' 
•leocroa. lf the latter .... ocnn. dMJ •leotroa hOelvtaa tlae ..... ., 
u •.t-c.I fl"Oll ta.• ai... ftue ....... ,le el.etnu an ••1194 •pr 
•latrou. 
ror l•t.aatf.oae tUt oocv l• 0. r. AeU of ea at•. cu ratio of 
tt. ..-. .. •f 1. 1-r•79 .Utted to t1ua ..-.r of ,........, r. •u ...... 1 .. 
•r•t .. per ••tt tU. u call .. tlt.e Jt fluo.-.- 1teld, w, .. TIM 
r~ Jl•W of odaer abeU• 1• •t •11 -...... C.oriatll.-1 (l) u. 
,._,.,_. .. _., .... .,. • ..._tal uta I.a a ...... •bovf.q a.a. ... iauoa •f 
wk •Uh •t:olde. ........ • "k 1MffUU , .. Oii Wl'J 1- .. , ... for low & 
aleMnu to al.-t wait)' fol' llt.p l •1-ta. l'OI' •l-•t• of l_, an4 
4we, Wk S.. ofteo coMS.,.nd tmlt.7. 
l!!!'•R!M!l•u ttd!!»n 
laelaaU.c ooUlai.OQa, or r•uttw oollle....._ of •lMtn• wttla 
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11il.r!' ,.is '-I :t •. ":21 i .. !'!: I·• 
l•.· !I l" a !ft,. ~ s. " t. t ·, 1.· =l· I l : 1 , :. ! =- (· i r . t 
s!' t t 0 • • a ..... • ... I s· li • =-r .. · 1 r f.111 ·:,..•·I ::.r ·· ·. i = ~ 
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Figure 9. Source•detector arrangement . Scale: l lnch • l centimeter 
i. i :.-:. It .. f I i . . !'- 2 i r · .._ ~i r • 1 111r,. eJ 
1-.i I. i'. =-&:11= 1. r • ·. • I · . i~ i I 
!fl ; 11':1!=.1 ! 
f .r Ip. w • ~ I ' £ f i ! 1 l f"e=· ~ ! 
l i I i I tt .t .r I f I :- f I f ~ " " r 1 1. . I •• I 1 I I ... I 
l's:. i :h J t;: C: ; •. f I. •l!lfjjl.· g t [ ... 9":- r: l l t ..... : :. a. l 
_.: t!ll /: a 0 f e. i l '• I I 
i i • ' . '· -. I. I! I i f ~ , !' l rl 1 •. t fl f· f(· ~ ! !f 
I "- i • '•.:r· .. 1 ft.· 1 1'11 I &i: . = 11 I . I ~~ '· =-:. .1 , .. i. l • . I "' • . . • f .~l I (:f alf t 
f ~ !' ,. f 1, ' i .. l i 
f r . r r l I 1t 
... , - flt - ............. ~ ;t,. ...... - - :; 
I f 1 .S ; i ~ i : ' i r l f ! f S 
Vt .... 
t 1 , , '" = 11. 1 f ( 11. r 1 I 11. 1--~f1iC'fi . • f .. ii ·· i 1ij)iifti~ 1 • 1! i(EI t! .. l 't if ~ti I l '-Ii r:. 
•!:1r:1111tt r1 f1l I 
l • • t i I • ll t i t 1 i • " rifi r. . .. :sn : I I I I f i I I i I " . = l " ." ! l I l t f .. 4' i t · i "' II ( '" I r II I f 
1 = i . · r & • f • i • . l ! ! !. . • t 
i('l'1t .. ·fs. ~ I• to 1111 l : f l • } j f f l f • l :. • ! :. :i 11 t = 
• : e. I ! 1 . • i l .t 1 s,. .. ,, \ ,, f I I I 
l°iltJSfff •tf .r I"'-" :t fi;J ~ .. ! i ft l ft ._.. . i .... a 1 itfi!t!l~l f lt!i J I ~ 1 • • ft 0 ~ t • r · .· l .· I l I ~ f .· • r: • i l . 
rl'"!tlif 1!Ji I alf [ 
f l f e :: f :. • I I' t: '! 1 i I 1:11:1 11:.1 i f ii f ii f 
1 · 1 .... • 1 a • e 1 ~ ~ ~ ~ i 
53 
.,au.. ftenfon, ca. •Cual atnqdl C of dall .._... r ... lnd u 
.... ......., ~ tllu ..-1,toa, ~u .. 4t, _. • .,.,.._ 36. 
c • 4.67 a io7 dlt ,J!O • 1. 2' ld.lUnrlM .. (JO) 
I• . ..._ co •U• tor •••tiw •n••• ne ........ wt.11 M ..-1tw 
., , •• .t o.s ld.lU • ..-1 ... , ..... ftenfoN, • MtMl i•t-l&y of .... 
IOUl:IM .S.11 .. 
C • 11.1 s 197 4&1 J!O - (51) 
Dl'M tdllicuiea of tr'° _.. ••t.N4 to ,...._. llli• -..& ef I'° at 
... lllkt.. !Mnfwe, • total ._, ... ,,, of ta.. ....... • ..-ult.rs.. 
wt.U • •·• m.1u .... 1.. calculati ... ••• dwat 21 ... •f k'° .... 
'"*"''"' to ~ mu .. roe tat-tt7.. .. ........ tllat UM11ttat11 
..,d.er-fr• •tart.al u uaacl; tlMI U• ....... . ,,....t.., .. ..., at tile 
kaf.•taa of tliia ••lao .- M .,, .... ._. .. •lt• .. u. 
U. a&el4l• ....-tnMat• of tilt• ....,.. eonat.t of • •.t.ol•tk•l 
utald '• proteetioa ., ,...._., _. • prtMq at.ew co ai.w ... l'H 
r•tattoa fr• tt. •t.•tor. 
rat. •ff •t• ol uwnl tnea of .... uu.oa wue lneetipt.. to detar-
af.• dMt c•u._.. of l_. ltt.loate•l &lelftaa "•'*· lt ... ,__. 
tbat &1 plt.ot ... ..,. ra,lAl1 -.. ..... l• t1le 1•. "'* di.at tu ...... ..., 
r .. iati• ....,..t .. la the ,. .... .,._, .... • 110MW•r8l7 ... t• tltlell• 
u•• of atelfll:QI• Tille tbklQwe• vu calcvlatel to lNt ).0 l/•2 to 
nd'flft die ia1 .. 1..t1 of the uc01¥1a17 l'adiatlott to acee.pt8t• t.,,.i.. 
a1.-1aeqy ........ , ..... ltaag ... alu i.•'M•tf.gatd Md proved to "'9ir• 
IU aruc.' ...... t of lldeWf.at. fta fol10t1tq -~ of .. l.J•la wu 
-.w,.cs. 
17 uttU.al.q tblt • .,_~•1 f*•lt• of atef•lt •Cal. (1t), tt la 
.. u .. ted tl&at tile JfAlA of ....... ...., ..... , ... 1 .. wtll .. aMut o.oe 
flaotoM tel' beta .a.., i• dd• -.1.. a. .... ., .._.. of •t• Hlllluloo 
u &oa 100 I.ff to 500 lft. ..._ 500 xa. ca.. uta•tt.1 of l'•UAtJ.oa 
..__.. -.11.11•17 ..au. tn dll• Al•l•ttn. • ....... ,...._ earo 
of 110 ~ VlU M u._..a • llqtltt•vp f•tor et l.J Will U... "- .,,1w 
t• tbe ••1-latt.oa. !he attUMttoa of 200 I.ft ptaotou I.II • •ta tu: .. t 
_. dMJ pl•tto taoutaa vUl .... u ... '!be put•t 1•-tt, of 200 In 
plaol_. ...... t1- fue d tM l>leloglcal ahtel4U, wlU oecur at• ,.lat 
.,..,.,._ t1ae ~Id ot dlie __.. IJ" #WllUtlq ... tlon 34 •t lilt.a 
poS.c it C.. ,..- tllat tlae llip __.., ,UV. fla 'aao ie 
. .._ • ::bs· t w< is• .o .. ,,> 1 • , • 2 • 1o' (52) 
•n •t..1 • o.oa c. 
flat• flu •llt .. •1u•1d to M •lllMt.a • t't ,.._ t.._p ti• 
........ ,... 
'!M ._,.. .._.._. ta Ge •1• at dle wen ._.,_. .t ta.. a.._bllq 
... p_,,.. t.y .. t'fllat• 
..... , 
I• • I ..... • I Pa (JJ) 
,, 
-. ... I 1• tt. •114 .. ..., t:aceor, I i• tb• .-rg ef c:lte .. acu.au ... lo Mn, 
..a •a (••2/f,) u the a•orptioa coeff10l••t for , .. redlaU.oa t• •tr. 
Wkft •• 1• oormt1't-' lato • dote nt• • ......... la .iutt:· ... taeu per 
(54) 
•r• t i• t&w tblaku•• of tlt.e ablelcU.... At t • 4.S a/•2, dae 4cJM 
rat• 4ue t• lltall...-ra breu•treblvq 1• reduc-4 to 0.7 w/kr. 
u tha bt.p•eae-ro .,...._•tr&hluq tr..,.T••• tile stl1elcU.a1 it 
aeanai:.• neomt.ry l'Hlatloa n• to phot.MlMtrie abMl'ptiota. ts. 
ooacrlia•tioa of tkJ.a MCOll4&1'7 .... i&ttoa to die cto .. l'•t• •t die CMtt•r 
ht'faee of rhe •t•l• en H ealculated bJ' ••ha tbe .._ aal,..u tllat 
¥M _,10,...S In .. awau ... tM prt.ary t•pt. TH 4oae rate Dla due to 
K•ebU'Mted.•tto r*1t.atle ..-rated ta tint Ateldlnt ca M eapnaHd 
for 1MrJ t iekM" t t.y 
$r• 1'2 1• tbe att..-.atton «Mf fietut f)f tlae HeoMUJ radlatloo ia a. 
Aieldlaa. f'h l• tn atu..auoa cuMfflci•t of tbe iacid•at rul.atlo , 
a4 "*llp 1• a. pMt••-'>aorpt.l• ee•fficieat of tt.. laeU••t racU.atioo. 
'flade coeffict.ut• all ll«"¥e uat.ta of oa'l•/a. •1 ff&latt.q tile •llo• 
e..-tf.oa fOI' a U&Ulmu• t • 4 .• .5 ata2, Dis I.• calnlaud to k O. 2 •/b.r. 
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Ii • - - :. ~ r:t. If .... . t· I c •• . i 
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iI!li1ft . .. !JSll, i:;Jf SI I · i ! I ! t. • l i C f ! r i f ~ ; . .. r ,. . : i ~ l~ •. f i ~ i I . I t • f '. l B I.. 1. 1· 
=-1 =-• E r. f- ! •Ii! r f E: f ... . ~ ! " . ' i ':" 
,, 
~t au .._, .. etfnta .._ ..._ .... to •in«aia ca. purf.tf 
of ta. ._All rA1l&atton outf!Qt. a. ,........, carpi .,.. optlllf.1ecl for &IMt 
,... ... of &1 pilot-... Illa ..... taa. ti r.v fllotou ..-.-atett •1 
t.•i•lna _. r•t.att.w .... 01u .. 1o11 pane ... nu pr--l•t• I.a iataM1ty 
.,._ all ot:ur pbotoa .......... ..tttcrd "1 dMl fl'iMrJ' tu .. t.. ft.IA bu 
.._ wrlfled •r ltafeb: ec el. (It). •ial rr14J <S.. • 0.92 Mn) _. 
,..144 (._. • 2.98 111¥) wltll tta ad lMll tl'••••S..•to. tal' .. u. n. 
•J•f.tJ ol &1 pMtoea trMWetq d&a '-eta 81.eU l'UC1' tM .. ,..,._, 
-..c ...e ..... w. 'AoM tMt do latu•t wf.dl tlM ti.eu MlaJA •• 
_.tl7 acattwed 1t1 Collpton ••lll•tou. ftoH ,.., ... tlaat •attar late 
dMa pr1-'J atAWtaa Wf.11 k •i.o.t .... 1etal7 ...., .... ...,, for cu 
.._,,. ...... ., k ... trei..a .... 101 .. 1.c, ,_ ...... ,.,u11 nta. S.ac• .... 
taa -1'11· & 1811 portt• of dMt pilot ... HAtt•l'tllll taco dMI ... _...., 
•••t will ,.. ...... ff tcleat. ...... ., to _.. ... tllot•lectrS.c a1»aorptm 
ta a. tarae•· aai... ttae ..... _.. of "•tter .. 1.1 ,..,_. ana i... *-
tlle & aMOl'ptloa edp of tM ._ .. t, t1MtJ wtll baw • .. ..._ f1'0hablUtf 
e:f aMettDha photoelatru ••ptl.• dlA dloM 1.1 pllcttou te•llllld.tt .. 
to the ........, hl'pt uaattemahd. n. dab-- •f • ........, 
C...... WM opti.Sud .. dult a WI' -·--.... d 1.z plaoCOM WCNld ... 
pod__. at IC. •rf ... , ..._r, a. -.r11s.a ....._ for ca.u 
optt ...... tloca .- te ..., tlke urpc • Ud.a • ,...u.1. a ..... t• 
lllalaS• Collptoa ... et•riq of tlM l•l•••• l'Mlatf.oa. All of che aow 
l ~ I ; i I ! I i 1 I i I I I I f 1 i I l I 
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ta tlae pnaeac _.. tu •1 <•> fu.atf.ea i• ,.,... .. t oa the ••ttnt.•1 
•ale of tJaa 1t1 pbotoa • .-ue l• ta. _t,.ta ef dMt '1.., MCOllf4arJ 
tar .. t tlMt 11 (b) l»Mtf.n ... eftl.•t• for 7S S.. ptaotoae. Collptoa 
•••tt•nd &1 pltotoa• vUl laaw ......... .._1q fnm Mn ti a.. to .._., 
70 l.n. la tba pnMat ual19i• f.t w111 t.. •...c& I.Mc tlM 11(b) ,.,....,. 
«loe fOI' 75 In plaet ... •• M .,.., d cM elf•u of till• ae...,tion 
... 1ucec1 ia tM .... u.. ., utUtalq tM ....... ..,11.ou, .. l'Atto 
of tla9 Collptoo aatur .. s.1 pbotoa tl.va 4'1• c.. tile uu112 ,..t.M Clus 
.Sa at tlle aufaa. ol t1ae .... ....., t•pt U 
('6) 
..._.. •io la dla C.,tn t.catt•taa pl'Gt.8l Uty •f 0. imd.deat K.1 pbo• 
tou. 1J • ._, .. i•tnpie u.ttertq of 11 plaQtou, tile 4•tH&or wf.11 
lat.....,t dleaa plilotoaa 1a ,..._ •- Pl'OP"'tioa M ,,,,_ '-1 ta. .._. 
..-•loo • .._ lquatlOll S6 ta evatuac.t for• 1 ... tupt, it ta t.....t 
'tUt '1cl'1. 0.02. raw •• f• • i.- ..,,...,, tat'•t· tke coatrf.bltttlo• 
of eo.ptoa aean.u• l.t pllotoaa t• ti. .,..,.._ of cbe ... fol ..Ulatloa 
tiMtput l• upeotd to tie abcMtt tw pereut of tt&e pea lat .. tt7 of tlM 
s.2 pllotoa output. ftl• t• • _._ ef -anltuli• l._ tua ftloaofo (1) 
-.ert.nh11J ••~end-' for • yff __. .. oat .. • led t• .. t t11 
.......... s.oa .. -t17. 
Ia ftpn t dae ......_ M•t1-rtaa •ale• of •t plaotou •••thr*4 
hoia pot.at• A, a, _. c f.ato ct. AttNtor -. di• followlnas A, u• (81 
In) I J, 97• (80 ka•) & ..a C1 149• (72 lev). ""- eur1tee ........ , .. 
wtita ..m -at• .. tta• ......... •• clle ••tte'r• pilot••· au tt ,. 
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._ daat •t pel.nt; A tile. ._ttend pbet_. vlll ...... • Wl'J lllala 
fnNltUUr.r of 1-f.aa fllot•1-ttt.e•l1J ...._. llefon ....,Saa dMa 
&al'llt• eo lflUatloa St v111 ..,...ts.ate tile Mtul c•trflNiiaa of 
C::.,toa -.ueffll k1 pbotoaa .f.- ta.la nat-. At potat •• ._ttoa St 
...... ,.._ce. tile coatritluttoa of •eetter• l.1 ,_,... .._.... tlMI 
an ... tf.• ••fffAlut ala appttM •• tlt.S.. .... .,. r•iau ... la ie. 
tUa t.Ut ....... ,, tbe ....-1... At polat c ..... tl• , ....... i!Mat.ee 
tile ontl'U.U.• of Nat..., r.1 pllotw ••-• ta atteauU.oa 
eoefftc&Mt •ta .,,u ... • nu ..... ., l'•fJlt:l• u .,..e ... -.. Illa& 
•••tt•d a., dUt .... ,... ftel'efoft• na *-all tM ......_t.q wldl 
l• to tu .._i.,...t •f -..ts.oa S6 s. n ..,....1.11p11ftutioa of ...., 
c_,i. •'••m•••• it l• felt tut tlaf.• •tMtl of ..,.luatl• 7laW. 
r-.lu 918 •• a1 i..c of tliflll propel' ode of atpf.t.-. 
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tbe••l_. M ..,... .. iato mn pa1ral Ulwatlpttne. ft .. d&e 
l•......, utlU.ut.ton of t8otept. MUft• of _...._, l'adiatl•• tM 
-..1.,_.t of •ltlpU.f W •tlloU of tnattq a. coapl• &.a._.ttou 
.-.1.at.t vltll ... ••tattoa ........ .-w 8"•tl7 facUU•t• clMSr 
...,catloa to ..., ...... •f .,,u.catioa. 
..._. .,_ tl&b "'"9&:'-"1•1 S.& '9 feta tbat the kta•TAJ ..... lt_. 
&•r.,. clnf.o• flnelopN tn CU• U.ip •• ........ • ... 1.1 r .. tatt.o. 
outpGt ""'°" i• cnetderelalJ -... .._ ....... ·daaa tM.t of tlMt •na..e 
wilt.a U... '-•• ___ _. to dat•. n. -ful r•t.-toe •tput of au 
4ftt.e• l• aot Hatted to • •t .. le .... .,, lN.t ... ,..We nittactoa 
• .,.. .. taa ....................... •lllflJ ., ... ..., ..... 1H.fftt••t ... ......, 
tapt Mtert.ai.. A ...,_ fd &tits .. ._.. ••Ml • appU,., to a •14-
• ._ •f .,,u •• u ..... 
1. ..rtt .... j..S.a P. 
21·4J. -..e. 1 • • •• 
2. c-na. J. r ..... .-.... J. a. a.ta .. Mtt• ctaaraccerutt.e 
X•r• • eMl'&J' r•f• ._. - •· lotenattoul J.....al of 
Appltellf iatloo _. l topM 71 244•2'0. lt60. 
>. Clwdumel, C. I., eel. Anlhd aavt• ., epectrwt.rJ. ._ t ll • 
•• '·. ,.....,.. ,...... 1 60. 
4. o.t.9 • c:laal'loct• r ad • bbl•1 D. 0-•rq alMlot'p-
t1 a ffiet.ata. ..a.we of Kotera lllJelce 2'1 19•107. 1952. 
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